A technique by Rogers-Ramachandran and Ramachandran [Vis. Res. 38 (1998) [71][72][73][74][75][76][77] was adapted to evaluate magnocellular (M) and parvocellular (P) visual processing efficiency, with identical task structure, in normal and dyslexic children. A battery of phonological, orthographic and cognitive tasks was administered to assess reading ability and component reading skills in both groups. For the visual processing experiment, children identified shapes created by patterns of dots flickering in counter-phase. The dots were black and white in the M condition, versus isoluminant red and green in the P condition. A staircase procedure determined the children's threshold flicker rate for shape identification. Dyslexics displayed selectively slower visual processing in the M condition but not in the P condition. Across all subjects, performance in the M condition was correlated with measures of orthographic skill, consistent with previous findings linking M processing and orthographic skill. Within the dyslexic group, processing in the M condition was negatively correlated with level of phonological awareness. The results are not consistent with the argument that dyslexics with phonological impairments suffer from deficits across all sensory modalities, as those children with the poorest phonological awareness displayed magnocellular processing well within the normal range.
Introduction
Since the mid-1970s, dyslexia researchers have debated the existence of visual processing deficits in dyslexia specific to what is now known as the magnocellular visual system (Breitmeyer & Ganz, 1976; Cornelissen, Hansen, Hutton, Evangelinou, & Stein, 1998; Dunn & Dunn, 1981; Eden et al., 1996; Slaghuis & Lovegrove, 1984; Stein, 2001; Stein & Walsh, 1997; Tallal, Miller, & Fitch, 1993) . At the heart of the debate lies the lack of a causal link between impaired magnocellular processing and the phonological impairments most closely associated with dyslexia. Specifically, no clear explanation exists as to how impaired pronunciation and manipulation of isolated words and non-words, hallmarks of the most common dyslexic phenotype, could be affected by visual magnocellular deficits (Greatrex & Drasdo, 1995; Hayduk, Bruck, & Cavanagh, 1996; Hulme, 1988; Stanovich, 1988) . In fact, the very existence of a selective magnocellular deficit in dyslexia is itself an area of controversy. On the one hand, there is anatomical evidence from autopsies of adult dyslexic brains as well as physiological studies with live subjects to suggest that some dyslexics have abnormal or stunted cortical magnocellular development (Demb, Boynton, & Heeger, 1998; Galaburda, Sherman, Rosen, Aboitiz, & Geschwind, 1992; Jenner, Rosen, & Galaburda, 1999; Livingstone, Rosen, Drislane, & Galaburda, 1991) . On the other hand, considerable criticism has arisen from failures to replicate the psychophysical findings (Hayduk et al., 1996; Hulme, 1988; Skottun, 2000) . The conflicting results may reflect variability in dyslexic etiology or in subject selection procedures (e.g. selection of children referred to vision clinics). Other methodological concerns exist as well (e.g. the validity of specific measures of contrast sensitivity or motion perception as pure measures of isolated magnocellular function has been questioned) (Greatrex & Drasdo, 1995; Hayduk et al., 1996; Hulme, 1988; Skottun, 2000) .
A variety of paradigms have been employed to evaluate magnocellular processing in dyslexics, including flicker fusion rates for sine-wave gratings, velocity discrimination
